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Introduction
Moringa oleifera L. is a fast-growing, drought tolerant tree which has recently been identified as one of the prospective sources of biodiesel and one of the plants which can play a prominent role in the fight against desertification (Mirhashemi et al., 2018) .
There is an increasingly demand for alternative vegetable oils sources. Over the last decade there has been fast growing interest in M. oleifera, particularly due to its high seed oil yield (30-40%), while other Moringa species with similar potentialities are reducing their representativeness worldwide. The interesting composition of Moringa oil, rich in oleic acid and highly resistant to oxidation, for industrial purposes. Exploring adapted varieties or producing interspecies hybrids can create added value to these less explored species, while renewing attention to endangered species. Moringa seed oil can be extracted by conventional methods or using physical methods (pressing), creating diverse products from a compositional perspective, able to serve both the biodiesel and food industries (Boukandoul et al., 2018) .
All Moringa trees bear long pods (fruits) in variable numbers, containing up to 20 seeds each. The number of pods per M. oleifera tree differs between accessions, ranging from 10 to 62, with different seed weights (between Com. Sci., Bom Jesus, v.9, n.4, p.590-595, Oct./Dec. 2018 25.5 g and 37.3 g for 100 seeds). The effective seed productivity is dependent not only upon the species/varieties, but also on cultivation techniques, soil and climate, and the seed analysis can be utile for seed selection aiming to stablish new areas of production (Ayerza, 2012; Boukandoul et al., 2018) .
The seed quality can be evaluated by image analysis used to check for seed damage or to evaluate the seed quality of several species. It is a promising technique because it is fast and nondestructive, therefore allowing the performance of physiological tests on the examined material (Menezes et al., 2012) .
X-ray tests have been recommended as a promising technique for the study of forest seeds, contributing to their quality control by permitting the selection and disposal of seeds with poor physical and physiological quality (Albuquerque & Guimarães, 2008) .
X-ray testing is widely used for certain species, such as Lithraea molleoides (Vell.) Engl., the seeds of which have been imaged to detect embryo damage or abnormalities and to correlate these abnormalities with germination test results. The method was found to be effective for assessing seed quality (Machado & Cícero, 2003) .
In addition to the physiological quality of seeds, seed health also has to be considered.
To obtain vigorous seedlings, it is necessary to use healthy seeds because seeds may serve as a vehicle for spreading pathogens capable of decreasing or even eliminating populations (Mendes et al., 2011) . The goals of the present study were to analyze the internal morphology of moringa seeds of two trees using X-ray tests and to identify their associated fungi using the blotter test.
Materials and Methods
The study was conducted at the Seed and minimum diameter, sphericity, contour irregularity, and perimeter were analyzed using 100 seeds per tree. These data were accessed using the image analysis.
For the examination of internal seed morphology, the seeds were subjected to X-ray analysis using a Faxitron HP MX-20 device Following the X-ray-based classification, the seeds were subjected to germination tests, with four replicates of 25 seeds per category.
The tests were conducted in a germination chamber at 25°C using germitest paper, which was moistened with 2.5 times the paper weight using distilled water. The germination results were Using SISVAR ® software (Ferreira, 2011) , the data were subjected to an analysis of variance employing the F test followed by the Scott-Knott test at p<0.05.
Results and Discussion
Significant differences in seed area, maximum and minimum diameter and perimeter were observed between the two studied trees, for both trees the round geometry of seeds were observed; and the average values observed are shown in Table 1 . 
Studies of seed physical characteristics
are very important for the development of agricultural machinery and equipment (Melo et al., 2007) . These characteristics can also contribute to the characterization of trees and the adjustment of equipment for seed improvement and so to increase product quality. the fruit (Oliveira et al., 2013) . For both trees, the seeds in the with internal space and malformed category were the most abundant. This was the only seed category that did not differ significantly between the two trees ( Table 2) .
It was not possible to identify the seed structures that are essential for seedling development, such as the embryonic axis, which was very small when compared with the seed endosperm. By contrast, it was possible to identify the essential structures of Jatropha curcas seeds using the X-ray test (Pinto et al., 2009) . The number of seeds belonging to the full and well-formed category was insufficient because of the number of seeds evaluable for the tests. For the remaining categories, no difference in germination rate was observed between the trees or between the categories within each tree (Table 3) .
The stained or damaged seeds had higher germination rates (Table 3) . Therefore, the stains or damage observed along the cotyledon did not affect the germination of moringa seeds. small changes in the formation of cotyledons, which do not compromise germination (Figure 2 ).
However, the stains observed in the X-rays, such as the one in Figure 1(3) , can be related to the presence of fungi in internal seed structures.
The combination of light and dark tones observed in X-rays is determined by the number of X-rays absorbed by the different seed regions (Ista, 1996) . When the internal seed cavity is not completely filled by the embryo and endosperm tissue or when the cavity contains less dense tissue, dark spots are observed on the X-rays An X-ray test of castor seeds revealed a lower germination rate for partially full and stained or damaged seeds than for full and opaque or stained seeds (Kobori et al., 2012) .
The moringa seeds with stains or damage should therefore not be discarded from the lot because their germination is determined by their physiological potential. An earlier X-ray analysis revealed that there is no direct relationship between the presence of stains and a loss of seed quality (Pupim et al., 2008) . The stains observed on most moringa seeds are related to because there is not enough resistance to block the passage of X-rays through the seed (Gagliardi & Marcos-Filho, 2011) .
During germination, seeds are subjected to factors that can decrease their development potential. Among these factors, the occurrence of microorganisms is a determining factor for seed germination performance (Machado & Cícero, 2003) .
The following microorganisms were identified in the moringa seed health test: 
In some forest species including
Leucaena leucocephala Lam., the occurrence of seed-associated microorganisms from such genera as Aspergillus, Penicillium, Nigrospora, Colletotrichum and Fusarium does not interfere with germination (Mendes et al., 2011) .
Aspergillus niger is a cosmopolitan saprophyte, which only causes the degradation of plant organs in storage. It becomes detrimental for seeds when seed lots are stored at high humidity (Oliveira et al., 2011) . Fusarium species are commonly associated with the seeds of several crops, causing decreased germination and vigor, and belong to the complex of pathogens causing plant damping-off (Kobayasti et al., 2011) .
In Myrsine ferruginea, certain potentially pathogenic fungi were observed in both fruit and seeds. Alternaria sp., Colletotrichum sp., Fusarium sp., Macrophomina sp. and Pestalotia sp. were identified; these fungi were possibly transmitted from the fruit to the seeds (Rego et al., 2009 ).
Phytopathogenic fungi may be associated with seeds in all their production stages. This association is often responsible for a decreased physiological quality of seeds, long distance pathogen dispersal, and pathogen transmission from the seed to the plant, and this relationship provides an efficient means of pathogen survival in direct contact with the host (Machado, 1982) .
The seed-associated fungi of the two moringa trees studied were identified and quantified through the health analysis. These fungi can be transported attached to the seed surface, inside the seed or along with inert physical impurities associates with the seed.
These results corroborate the need for seed treatment, those of systemic action, the most recommended in order to obtain healthy seedlings. and Phomopsis sp. fungi occur in moringa seeds.
